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(54) Active matrix liquid crystal display device with light shielding electrode connected to an 
independent potential 



(57) The active matrix type liquid crystal display 
device has a plurality of liquid crystal elements. Each 
liquid crystal element has a transistor section, a transis- 
tor side conductive light shielding film (116) electrically 
connected to the transistor section, a liquid crystal ele- 
ment having an opposing electrode (121) coupled to the 
transistor section. There are a first potential terminal 
connected to the opposing electrode (121) and a sec- 
ond potential terminal connected to the transistor side 
conductive light shielding film (116) with a potential 



Of com) applied by the first potential terminal being inde- 
pendent from a potential (V sc ) applied by the second 
potential terminal. With this arrangement the lateral 
field components around the pixel portion which 
become a cause for the reverse tilt of the liquid crystal 
are relatively reduced with respect to the vertical field 
components, thus reducing the disclination and provid- 
ing excellent display characteristics without residual 
images. 
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Description 

BACKGROUND OF THE INVENTION 

M\ C^nM r\f ♦he ln»/an+inn 

The present invention relates to a liquid crystal dis- 
play device using an amorphous silicon thin film transis- 
tor (TFT), and more particularly to a high-definition 
liquid crystal display device having a conductive light 

ai iicium iy i ii 1 1 1 cu a uai io*oiu< awu^i a i c gwc 

(2) Description of the Related Art 

A liquid crystal display device of the kind to which 
the present invention relates is proposed in, for exam- 
ple, Japanese Patent Application Kokai Publication No. 
Hei 3-50527. The proposal relates to a thin film transis- 
tor array substrate comprising a light shielding film pro- 
vided on a giass substrate and having an open portion 
(an aperture) at a pixel electrode formation region, an 
interlayer insulating film provided on a surface including 
the light shielding film, a thin film transistor provided on 
the interlayer insulating film on the light shielding film ; 
and a display electrode provided on the interlayer insu- 
lating film so as to be connected with the thin film tran- 
sistor and be in alignment with the open portion. The 
light shielding of the TFT region other than the pixel 
electrode formation region is effected by the light shield- 
ing film provided on the glass substrate, and this light 
shielding suppresses an increase in the TFT off-current 
caused by back light irradiation, and shields the leakage 
light from outside the pixel electrode. 

The above prior art thin film transistor array sub- 
strate is shown in Figs. 1, 2 and 3, Fig. 1 being a plan 
view of a unit pixel, Fig. 2 being a sectional view taken 
along line 2-2 of Fig. 1 , and Fig. 3 being a sectional view 
taken along line 3-3 in Fig. 1 . 

In Fig. 1, the numeral 1 is for a gate electrode, 2 is 
for a semiconductor layer, 3 is for a drain electrode, 4 is 
for a source electrode, 5 is for a pixel electrode, 7 is for 
an end of a TFT side conductive light shielding film, 6 is 



formed at a region surrounded by the scanning signal 
line 11 and the image signal lines 12 and 13. The elec- 
trical connection is established between the gate elec- 
trode 1 of the TFT and the scanning signal line 11, 
between the drain electrode and the image signal line 
12, and between the source electrode 4 and the pixel 
electrode 5, and the conductive light shielding film hav- 
ing the open portion 6 is provided at the pixel electrode 
formation region on the glass substrate. 

The structure shown in Figs. 2 and 3 are formed by 
depositing a Cr film on a glass substrate 100 by a sput- 
tering process, and the portion of the Cr film that corre- 
sponds to the pixel electrode formation region is 
selectively etched so as to form an opening, thus form- 
ing the light shielding film 116. Then, a nitride silicon 



film is deposited on a surface including the light shield- 
ing film 116 by a CVD process, thus forming a light 
shielding layer insulating film 114. 

Next, a Cr film is deposited on the light shielding 

5 layer insulating film 114, and this is selectively etched 
so as to form a gate electrode 1 1 1 on the light shielding 
film i i b. Tnereaner, a nrtnae silicon film is aeposited on 
a surface including the gate electrode 1 1 1 thereby form- 
ing a gate insulating film 1 1 5. 

io On the gate insulating film 1 1 5 corresponding to the 
rtato s! set rods 111, there are selectively formed an 
amorphous silicon film 119 and an n + type amorphous 
silicon layer 119a provided on a surface of the amor- 
phous silicon film and, on the gate insulating film 115 

is over an open portion of the light shielding film 116, a 
pixel electrode 105 is formed with the ITO film being 
selectively provided. Here, the pixel electrode 105 is 
provided so as to partly overlap peripheral portions of 
the opening of the light shielding film 116. 

20 Next, a Cr film is deposited on a surface including 
the amorphous silicon film 1 19, and the resulting film is 
selectively etched whereby a drain electrode 113 and a 
source electrode 1 18 are formed. 

Using the source/drain electrodes 118 and 113 as 

25 masks, the n + type amorphous silicon layer 119a at a 
region corresponding to the gate electrode 111 is 
etched away, thus forming a thin film transistor array 
substrate. In the arrangement shown in Fig. 4, the tight 
shielding film 1 1 6 and the opposing electrode 1 21 are of 

30 the same potential (=V com ) so that the charging capaci- 
tor is formed between the light shielding film 116 and 
the pixel electrode 105. 

An equivalent circuit of one pixel in the prior art liq- 
uid crystal display device is shown in Fig. 5. The light 

35 shielding layer insulating film 1 14 and the gate insulat- 
ing film 115 constitute a capacitor between the pixel 
electrode 5 and the light shielding film 116, and the 
same potential V com as for the light shielding film 1 16 is 
applied to the opposing electrode 121 which, together 

40 with the pixel electrode 1 05, sandwiches the liquid crys- 
tal 130. 

In the above prior art example, no light shielding 

;~ *U« TCT Ki^L- ^hn^nal en that thoro 

45 tiCS. 

A thin film transistor array 'provided with a light 
shielding film on a back channel is disclosed, for exam- 
ple, in Japanese Patent Application Kokai Publication 
No. Sho 60-192370. In this example, a metal light 

so shielding film on the back channel is coupled to either a 
first stage or a second stage of a gate line. A unit pixel 
of the thin f ilm transistor array disclosed in the Japanese 
Patent Application Kokai Publication No. Sho 60- 
1 92370 is shown in a plan view in Fig. 6. Fig. 7 shows a 

55 sectional view taken along line 7-7 in Fig. 6, and Fig. 8 
shows a sectional view taken along line 8-8 in Fig. 6. 

In Fig. 6, the numeral 1 is for a gate line as a scan- 
ning signal line, 1 19 is for a semiconductor layer, 3 is for 
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a drain electrode, 4 is for a source electrode, and 5 is for 
a pixel electrode. 

In Figs. 7 and 8, the numeral 100 is for a glass sub- 
strate, 1 is for a gate electrode, 3 is for a drain electrode, 
4 is for a source electrode, 115 is for a gate insulating 
fiim. 144 is for a common electrode constituted by a 
transparent conductive layer, 145 is for an interlayer 
insulating film, 5 is for a pixel electrode, 1 17 is for a pas- 
sivation insulating film, and 14 is for a conductive light 
shielding film on a TFT back channel. 

As shown in Fig. 8. the conductive light shielding 
film 14 of a metal such as Cr on the TFT back channel 
is connected to a first stage gate electrode 1 . 

A thin film transistor in which a light shielding film on 
a back channel is connected to either a source elec- 
trode or a drain electrode is disclosed, for example, in 
Japanese Utility Model Application Kokai Publication 
No. Hei 3-42124. In this example, as shown in Fig. 9, a 
back channel side conductive light shielding film 14 
formed of a metal is provided on a passivation insulating 
film 11 7 on a side opposite to the gate electrode 1 1 1 
with a semiconductor layer of an amorphous silicon film 
119 and/or an n + type amorphous silicon layer 119a 
being sandwiched therebetween, and the conductive 
light shielding fiim 14 is electrically coupled to a drain 
electrode 3 of the TFT. 

In these examples disclosed in the above Japanese 
Patent Application Kokai Publication No. Sho 60- 
192370 and Japanese Utility Model Application Kokai 
Publication No. Hei 3-42124, the back channel side light 
shielding film fulfills also a role of a back gate, but the 
potential thereof changes with time and, moreover, can- 
not be provided as desired or selectively. 

In each of the prior art liquid crystal display ele- 
ments explained hereinabove, there is a trend that, 
when the element becomes highly defined, the lateral 
electric field between the pixel electrode and the TFT, 
the gate scanning line, and the image signal line, 
increases at the periphery of the pixel electrode (Fig. 4) 
and, as a consequence, the electric field which is 
expected to be in the vertical direction towards the liquid 
crystal between the pixel electrode and the opposing 

causea oy a reverse uu ana a reverse twisi ot ine nquiu 
crystal is apt to occur around the pixel. 

The light is constantly transmitted at portions where 
a disclination occurs, thereby degrading the quality of 
display. Also, the disclination causes the open portions 
to move, and this is observed by the user as a residual 
image. 

SUMMARY OF THE INVENTION 

An object of the invention, therefore, is to overcome 
the problems existing tn the prior art, and to provide an 
active matrix type liquid crystal display device which is 
capable of suppressing the liquid crystal disclination 
that becomes a cause for coarse image appearance 



and residual image, and enhancing the quality of dis- 
played image. 

According to one aspect of the invention, there is 
provided an active matrix type liquid crystal display 

5 device having a plurality ot liquid crystal elements, each 
of the liauid crystal elements comorising: 

a transistor section having a gate electrode, a 
gate insulating film, a semiconductor film, a source elec- 
trode, a drain electrode, and a passivation insulating 

w film; 

a transistor side conductive light shielding film 
(116) electrically coupied to the transistor section and 
having an open portion; 

a pixel electrode formed over the open portion of 
is the transistor side conductive light shielding film and 
electrically connected to the source electrode of the 
transistor section; 

a liquid crystal layer formed on the passivation 
insulating film; 

20 an opposing electrode formed on the liquid crys- 

tal layer; and 

a means to apply to the transistor side conduc- 
tive iight shielding fiim a potential independent from a 
potential applied to the opposing electrode. 

25 In the device according to the invention, an appro- 
priate potential difference is provided, unlike in the prior 
art wherein the same potential is provided, between the 
opposing electrode and the transistor side conductive 
light shielding film so that, with respect to the vertical 

30 field components between the pixel electrode and the 
opposing electrode that are inherently required for the 
image display, the lateral field components around the 
pixel portion which become a cause for the reverse tilt of 
the liquid crystal are relatively reduced, thus reducing 

35 the disclination and providing excellent display charac- 
teristics without residual images. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 The above and other objects, features and advan- 
tages of the present invention will be apparent from the 
following description of preferred embodiments of the 

urawings, in wnicn. 

45 

Fig. 1 is a plan view of a prior art unit pixel in a liquid 

crystal display device disclosed in Japanese Patent 

Application Kokai Publication No. Hei 3-50527; 

Fig. 2 is a sectional view of the prior art unit pixel, 
so taken along fine 2-2 in Fig. 1 ; 

Fig. 3 is a sectional view of the prior art unit pixel, 

taken along line 3-3 in Fig. 1 ; 

Fig. 4 is a sectional view of the prior art unit pixel for 

use in explaining the structure of the iiquid crystal 
55 display element; 

Fig. 5 is an equivalent circuit diagram of the prior art 

unit pixel in Fig. 1 ; 
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Fig. 6 is a plan view of a prior art unit pixel disclosed 
in Japanese Patent Application Kokai Publication 
No. Sho 60-192370; 

Fig. 7 is a sectional view of the prior art unit pixel, 
taken along line 7-7 in Fig. 6; 5 
Fin r is a sectional view of the orior art unit pixel, 
taken along line 8-8 in Fig. 6; 
Fig. 9 is a sectional view of a prior art liquid crystal 
display element structure disclosed in Japanese 
Utility Model Application Kokai Publication No. Hei to 
3-42124; 

Fig. 10 is a sectional view of a unit pixel in a liquid 
crystal display device of a first embodiment accord- 
ing to the invention; 

Fig. 11 is an equivalent circuit diagram of the unit is 
pixel of the first embodiment according to the inven- 
tion; 

Fig. 12 is a diagram for showing locations of power 
supply terminals and a TFT side light shielding film 
layer in the structure of the first embodiment 20 
according to the invention; 
Fig. 13 is a diagram which is used for showing test 
results of the structure of the first embodiment and 
which snows the time periods in which the disciina- 
tion was present in an open portion within the pixel; 2s 
Fig. U is a diagram which is used for showing test 
results of the structure of the first embodiment and 
which shows the frequencies in which the disclina- 
tion stands in the open portion within the pixel; 
Fig. 15 is a sensory gathered diagram for showing 30 
a clear line area observed around the pixel; 
Fig. 16 is a plan view of a unit pixel of a second 
embodiment according to the invention; and 
Fig. 17 is a sectional view of the unit pixel, taken 
along line 17-17 in Fig. 16. 55 

PREFERRED EMBODIMENT S OF THE INVENTION 

Now, preferred embodiments of the invention are 
explained with reference to the drawings. Throughout 40 
the explanation, the same or similar symbols and refer- 
ence numerals are used for the same or similar ele- 



Fig. 11 shows an equivalent circuit of one pixel in 
this embodiment. As shown therein, there is a TFT side 
conductive light snielding film 116 which, together with 
the pixel electrode 5, forms a capacitor by sandwiching 
between them a gate insulating film 1 1 5 and a TFT light 
shielding layer insulating film 114. The potential V sc is 
applied to the TFT side conductive iight shielding fiim 
116 separately from a potential applied to the opposing 
electrode 121. 

The TFT side conductive light shielding film 1 16 is, 
as shown in Fig. 12, a continuous flat plate. Power sup 
ply terminals are provided respectively at four corners, 
so that there is no lowering of the aperture efficiency 
caused by wiring of the power supply lines. 

Test results, as examples, are shown in Figs. 13 - 
1 5 which show the correlation of the voltage (V^ of the 
TFT side conductive light shielding film 1 1 6 and the volt- 
age (V com ) of the opposing electrode 121 with respect 
to the disciination. Fig. 13 shows periods of time in 
which the disciination exists in open portions within the 
pixels, Fig. 14 shows frequencies in which the disciina- 
tion stands in the open portion within the pixel, and Fig. 
1 5 shows, in a sensory gathered diagram, a clear line 
area observed around the pixel. !n these figures, 
Vcomcpt represents an opposing electrode voltage value 
at which flickering during the half-tone display becomes 
a minimum, that is. the DC component within the cell 
becomes a minimum. Normally, the opposing electrode 
voltage is set to the 

v comopt- 

However, the V comopt value varies depending on 
the cell thickness, gate voltage and the drain voltage 
that are set, so that it is different depending on a panel. 
Thus, in this embodiment, the variations in the 

v comopt 

value of ±0.2 V are taken into account. 

Fig. 13 shows the time periods measured from the 
time when the pixel is changed from its white display to 
its black display to the time when the disciination extin- 
guishes from within the open portion of the pixel. 

In the prior art devices, both the V K and the V com 
are set to V^^t, and it can be appreciated from the 
test data that the time period for the standing disciina- 
tion within the pixel is longer. Also, as the V com is slightly 



aescriDing ine prior an, me wme ba^icm uuwi 1 .0 
repeated and only a difference therefrom is explained. 

A first embodiment of the invention is explained with 
reference to Figs. 10-15- 

In this embodiment, as shown in Fig. 1 0, a load volt- 
age of potential V 8C is applied to a TFT side conductive 
light shielding film 116, and an off -set voltage of poten- 
tial V com is applied to the opposing electrode 121 . Thus, 
by the potential differences between the gate electrode 
1 1 1 and the pixel electrode 105, and between the drain 
electrode 113 and the pixel electrode 105, the vertical 
field components (B in Fig. 10) between the pixel elec- 
trode 105 and the opposing electrode 102 are relatively 
increased with respect to the lateral fields (A in Fig. 10) 
that are generated at the liquid crystal layer around the 
pixel, thus reducing the reverse tilt of the liquid crystal. 



45 In this embodiment, it can be appreciated that by 
setting V K to a voltage about 15 to 25 V lower than 
Vcomopt (about 8 V), it is possible to suppress the enter- 
ing of the disciination into the pixel. 

Fig. 14 shows the frequencies (number of pixels) of 

50 the standing disciination at the open portion in the pixel, 
and the number of pixels which are gathered from a 
sensory decision and in which the disciination having 
entered into the open portion in the pixel are present 
there without being extinguished. 

55 As seen in Fig. 14, when V^'V^,, the 
standing type disciination is almost none. However, 
once the V com changes slightly from the 
standing disciination occurs. In the example shown, this 
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phenomenon does not arise when the V sc value is 
(Vcomopt-15) Vor below. 

Fig. 15 is a sensory gathered diagram showing the 
area of the clear lines which do not move within the pixel 
but appear around the open portion of the pixel. These 
clear lines are generated uniformly in the entire pixels. 

It can be appreciated from Fig. 15 that, if the V sc is 
changed when the V com is close to the V comopt , the 
clear line area becomes larger with an increase in |V SC |. 
In this example, this is distinct when 
v 5C > (V comop . + 10)V. V 8C < (V ccmcp! - 30) V 

In this embodiment, when judged totally from the 
test results given in Figs. 13 • 15, it is considered that, 
when the V sc is set to a level about 15 V to 20 V lower 
than the V comopt , the disclination is suppressed thus 
improving the display. Also, even when the V com is 
minutely deviated from the V comopt , the occurrence of 
the disclination is unlikely so that the quality of display is 
stabilized. 

Figs. 16 and 17 show a unit pixel in a liquid crystal 
display device of a second embodiment according to the 
invention Fig. 16 showing a plan view thereof, and Fig. 
17 showing a sectional view taken along line 17-17 in 
Fig. 16. 

i» c;« ic +Ka nnmarsl 1 ie W a nato olerrtrrxjp 9 is 

for a semiconductor film, 3 is for a drain electrode, 4 is 
for a source electrode, 5 is for a pixel electrode, 6 is for 
an open portion, 7 is for an end of a TFT side conductive 
light shielding film, 8 is for a TFT back channel side light 
shielding film contact portion, 1 1 is for a scanning signal 
line, 12 and 13 are for image signal lines, and 14 is for a 
back channel protective light shielding film. 

As shown in Fig. 17, a Cr film is deposited on a 
glass substrate 100 by a sputtering process, and an 
opening is formed by etching selectively the portion of 
the Cr film that corresponds to a display electrode for- 
mation region, whereby a TFT side conductive light 
shielding film 1 16 is formed. Then, on the surface that 
includes the TFT side conductive light shielding film 
1 1 6, a nitride silicon film is deposited by a CVD process, 
thus forming a TFT light shielding layer insulating film 
114. 



Next, the portion of the gate insulating film 115 that 
corresponds to the contact hole is selectively etched. * 

A Cr film is deposited on the surface including the 
amorphous silicon film 119, and this is selectively 

c r-f, <-><- *rs farm * Hrain oior+rr\rlo 113 a cm \rra 

electrode 118 (as shown, for example, in the Fig. 2 sec- 
tional view), and a drain contact 142. 

Using source/drain electrodes 118 and 113 as 
masks, the n + type amorphous silicon layer 119a (as 
10 shown, for example in Fig. 2 sectional view) at a region 

J: 4_ ±U ~ MA » n n l A ^rAi>lA 1 1 1 ic ram^v/fl^ 

uui i caput kjh ly vj me ycue cic^u iajc ■<-.<• >w» <-^. 

Next, a nitride silicon film is deposited by a CVD 
process, and a passivation film 1 17 is formed. 

Then, the portion corresponding to the contact hole 

15 is selectively etched. Subsequently, Cr is deposited on 
the passivation film 1 1 7, and is selectively etched so as 
to form a TFT back channel side conductive light shield- 
ing film 140, thus completing a thin film transistor array 
substrate of this embodiment. 

20 The potential of the TFT back channel side conduc- 
tive light shielding film 140 becomes the same potential 
as that of the TFT side conductive light shielding film 
116 and can be set selectively as desired. Thus, the 
TFT back channel side conductive light shielding film 

25 140 functions as a stable back gate electrode. Unlike in 
the prior art, this back gate (numeral 14 in Fig. 16) is 
electrically independent from the gate line and the drain 
line, so that it is possible to provide thereto any desired 
potential stably. 

30 When a minus voltage is applied to the back gate, it 
is possible to suppress, in addition to the disclination 
explained with respect to the first embodiment, the 
occurrence of the leakage current during the off -state of 
the TFT. 

35 While the invention has been described in its pre- 
ferred embodiments, it is to be understood that the 
words which have been used are words of description 
rather than limitation and that changes within the pur- 
view of the appended claims may be made without 

40 departing from the true scope and spirit of the invention 
in its broader aspects. 
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contact hole, a Cr film is deposited on the TFT light 45 
shielding layer insulating film 1 14 whereby a gate elec- 
trode 1 1 1 and a gate contact 141 are formed. 

A gate insulating film 1 1 5 is formed by depositing a 
nitride silicon film by a CVD process. Thereafter, on the 
gate insulating film 1 1 5 corresponding to the gate elec- so 
trode 111. an amorphous silicon film 119 and the n* 
type amorphous silicon layer provided on a surface of 
the amorphous silicon film are selectively formed and, 
on the gate insulating f iim 1 1 5 on the open portion of the 
light shielding film 116, an ITO film is selectively pro- 55 
vided and the pixel electrode 105 is formed. Here, the 
pixel electrode 105 is formed so as to be partly over- 
lapped by a periphery of the open portion of the TFT 
side conductive light shielding film 116. 



1. An active matrix type liquid crystal display device 
having a plurality of liquid crystal elements, each of 
said liquid crystal elements characterized by com- 
prising; 

a transistor section having a gate electrode 
(1 ;1 1 1), a gate insulating film (115), a semiconduc- 
tor film (2), a source electrode (4), a drain electrode 
(3;1 13), and a passivation insulating film (117); 

a transistor side conductive light shielding 
film (1 16) electrically coupled to said transistor sec- 
tion and having an open portion; 

a pixel electrode (5; 105) formed over said 
open portion of said transistor side conductive light 
shielding film and electrically connected to said 
source electrode of said transistor section; 
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a liquid crystal layer (130) formed on said 
passivation insulating film; 

an opposing electrode (121) formed on said 
liquid crystal layer; and 

a means to apply to said transistor side con- s 
ductive light shielding film a potential independent 
from a potential appiied to said opposing eiectrode. 

2. The active matrix type liquid crystal display device 
according to claim 1 , in which said means to apply to 

_ ; i: * 

d jjuitsimeu ounifjiiae^ a iiiql puiemiai iciukmcii 

(V CO m) connected to said opposing -electrode (121) 
and a second potential terminal (V sc ) connected to 
said transistor side conductive light shielding film 
(116). T5 

3. The active matrix type liquid crystal display device 
according to claim 1 , wherein said transistor side 
conductive light shielding film (116) is one to which 

is applied a load voltage several tens of volts lower 20 
than an off-set voltage applied to said opposing 
electrode (121). 

4. The active matrix type liquid crystal display device 
according to claim 3, which further comprises a 25 
back channel side conductive light shielding film 
(14;140) disposed on said passivation insulating 
film (117) on a back channel at said transistor sec- 
tion, and a contact hole provided in an insulating 
film layer (1 1 4, 1 1 5, 1 1 6) disposed on said transistor 30 
side conductive light shielding film (116), said back 
channel side conductive light shielding film and said 
transistor side conductive light shielding film being 
electrically interconnected through said contact 
hole. 35 



40 
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